Irrigation canal management as a strategy to reduce the pollutant effects of agriculture at the middle Ebro river (NE Spain) by González-Sanchis, María et al.

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Barcelona, September 16, 2009 
Editors: Josep M. Bayona 
     Joan García 
ISBN-10: 978-84-692-5587-2 
 
 
 
Irrigation canal management as a strategy to reduce the pollutant  
 effects of agriculture at the middle Ebro river (NE Spain).
 
M. González-Sanchisa, J. Murillob, M. Garcíaa, F. A. Comína, P. García-
Navarrob. 
a Pyrenean Institute of Ecology-CSIC. 
b Fluid Mechanics. CPS. University of Zaragoza. 
INTRODUCTION 
Water courses have been identified as important systems for nutrient uptake (Meyer, 1979; Klotz, 
1985) that is controlled, in general, by biotic and abiotic mechanisms (Reddy, et al. 1999). Riparian 
buffers can improve stream water quality by a combination of physical, chemical and biological 
processes (McKerbow et al. 2003). Agricultural systems are considered one of the main nutrient 
sources worldwide (Baker, 1992). Usually, the irrigation water flows across the crops, and the spare 
water returns to the riparian system exporting elevated pollutant concentration. Nutrient loading from 
point and non-point sources has contributed to the eutrophication of aquatic systems in many 
agricultural catchments (Carpenter et al., 1998). The freshwater ecosystems nutrient removal capacity 
is a key factor for the land use management, mainly at agricultural catchments. 
We hypothesize that with an alternative management of irrigation based on water discharge 
control, and suitable sediment accumulation and vegetation, it is possible to obtain a system 
composed by vegetation, sediment, micro-organisms and periphyton, that can turn into a pollutant 
sink. The aim of the study is to analyse the potential performance of such system, examining the 
nutrient retention of P-PO4 and N-NO3 at the banks of a canal in several controlled field experiments. 
Then, a second objective is to use the field experiments to calibrate a numerical model of the water 
flow, transport and retention processes. The numerical model offers the possibility to compute the two 
dimensional depth averaged flow with solute transport equations. The formulation involves a 
turbulence model, that can be used to obtain dispersion coefficients. The experimental results will be 
used in combination with the calibrated simulation tool to design alternative strategies aimed to 
reduce the agricultural pollutant effluents. 
METHODS 
The study has been developed at the floodplain of the middle Ebro River (NE Spain), where an 
artificial canal reach has been chosen as representative. The canal contains natural sediment and 
vegetation and is located at the end of the irrigation network. To measure the efficiency of nutrient 
retention and the nutrient uptake capacity short term additions (60-80 min) of phosphate and a 
conservative tracer (Br) were carried out in several point injection experiments at the canal reach. The 
N-NO3 uptake was measured using the ambient concentration because of the high NO3 agricultural 
effluent content. Two sampling stations were located at -7 m and 50 m of the injection point. After 
collecting background samples of canal water solute concentration, a solution of KH2PO4 and 
conservative tracer (KBr) was pumped steadily into the canal at a constant rate until conductivity 
(WTW® Multiline P4) measurements at the farthest downstream station stabilized. Water samples 
were taken every 5 minutes for 60-80 min at both sampling points using acid-washed PP bottle (100 
ml).  
RESULTS AND DISCUSSION 
The uptake rate (U) is an accepted measure of biotic or abiotic uptakes (Stream Solute Workshop 
1990) and was selected as a parameter to represent the nutrient uptake. The nutrient uptake rate 
obtained at the irrigation canal experiments depends on the chemical species used. In that sense, the 
P-PO4 uptake is always positive, while the N-NO3 and Total Nitrogen (TN) uptake sign is fluctuating, 
but the U mean is positive in both cases (Fig. 1). There are some experiments where the canal system 
is exporting nitrogen, maybe due to the high nitrogen ambient concentration associated with the 
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agricultural activity. In fact, the ambient N:P ratio is 2000:1 ppm., and most of the Nitrogen (80 %) is 
forming the NO3 molecule.  
In comparison with other studies, that overestimate uptake length (Sw) because of the saturation of 
benthic nutrient demand (Mulholland 2002), we found no relationship between enrichment 
concentration (proportion enriched above ambient concentration) and Sw for P-PO4 (R2 = 0.01, p 
=0.776), as well as between the enrichment concentration and the P-PO4 uptake rate (R2 = 0.11, p 
=0.33).This suggests that the phosphorus saturation did not occur. 
The results show a direct proportional relationship (R2 = 0.68, p = 0.003) between the P-PO4 
uptake rate and the suspended particulate organic matter (SPOM). The uptake rate, does not 
distinguish between biotic and abiotic uptake (Stream Solute Workshop, 1990), but this relationship 
could be an abiotic phosphorous uptake indicator, where the P-PO4 is adsorbed by the particulate 
organic matter.  
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Fig. 1. Box-plot of the P-PO4, N-NO3 and TN uptake rate (μg/m2h) at the irrigation channel. 
CONCLUSIONS 
The irrigation canal management is a potentially useful tool to mitigate the agricultural nutrient 
load, mainly the phosphorus content. In the case of nitrogen, although the mean uptake rate is 
positive, sometimes, the agricultural concentration is too high, and then, the system can become 
saturated and export the nitrogen to the riparian system. Those results, in combination with the 
simulation tool, are helpful to design alternative strategies to reduce the agricultural pollutant 
effluents. 
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